Wetting characteristics of micro-nanorough substrates of aluminum and smooth silicon substrates have been studied and compared by depositing hydrocarbon and fluorinatedhydrocarbon coatings via plasma enhanced chemical vapor deposition (PECVD) technique using a mixture of Ar, CH4 and C2F6 gases. The water contact angles on the hydrocarbon and fluorinated-hydrocarbon coatings deposited on silicon substrates were found to be 72° and 105°, respectively. However, the micro-nanorough aluminum substrates demonstrated superhydrophobic properties upon coatings with fluorinatedhydrocarbon providing a water contact angle of ∼165° and contact angle hysteresis below 2° with water drops rolling off from those surfaces while the same substrates showed contact angle of 135° with water drops sticking on those surfaces. The superhydrophobic properties is due to the high fluorine content in the fluorinatedhydrocarbon coatings of ∼36 at.%, as investigated by X-ray photoelectron spectroscopy (XPS), by lowering the surface energy of the micro-nanorough aluminum substrates. PACS 68.37.−d, 68.37.Ps, 68.08.Bc
Introduction
Superhydrophobicity, a property steering the development of nature inspired technology and solutions, has lately become a very popular field for its wide range of uses in diverse areas. The most common areas where superhydrophobic surfaces attract attention include anti-biofouling paints for boats [1] , bio-chips [2] , biomedical applications [3] , microfluidics [4] , corrosion resistance [5] , eyeglasses, self-cleaning windshields for automobiles [6] , stain resistant textiles [7] , anti-sticking of snow for antennas and windows [8] , expected inhibition of adherence of snow, oxidation, current conduction [9] and many others.
A surface, such as that of lotus leaves [10] , exhibiting nearly zero wetting is termed "superhydrophobic". The zero wetting on lotus leaves surface is mainly due to the presence of a micro-nanorough pattern on their surface which is again covered with a low surface energy waxy coating. The micro-nanorough pattern allows large amount of air entrapment making it a heterogeneous surface composite of air and the surface where the air and the waxy tissue contributes to low surface energy weakening its interaction with water and therefore enhancing the water contact angle with its surface.
The behavior of rolling water drops on lotus leaves' surface can be compared with the Cassie-Baxter model which explains the effect of roughness as well as air entrapment on enhancing water contact angle values making the area fraction of the solid in contact with the drop negligible [11] .
Nature's such profitable wonder has inspired researchers around the world to replicate its water repellency for the various aforementioned but not limited uses using variety of techniques [6] and [12] . In recent years, our group has been extensively working on the superhydrophobic coatings for its applications in the areas where reduction of ice adhesion is of importance [13] , [14] , [15] , [16] , [17] , [18] and [19] . The above works are fundamentally based on two step process where initially a rough pattern was created and the rough surface either passivated with fluoroalkylsilane [17] or stearic acid molecules [13] , [17] , [18] and [19] or coated with rf-sputtered Teflon [15] . Very recently, we have demonstrated that rf-sputtered Teflon coated etched aluminum surfaces are highly superhydrophobic [15] . We have also produced fluorinated-hydrocarbon coatings and demonstrated the formation of fluorinated-hydrocarbon nano-rings using nanosphere lithography (NSL) [16] . In the present work, we have deposited fluorinatedhydrocarbon coatings on different substrates and have studied their wetting and superhydrophobic properties. We have also compared the wetting characteristics with those substrates coated with hydrocarbon coatings.
Experiment
Hydrocarbon and fluorinated-hydrocarbon coatings were performed using an inductively coupled plasma enhanced chemical vapor deposition (PECVD) applying a power of 100 W in the RF source using a mixture of Ar and CH4 for hydrocarbon and Ar, CH4 and C2F6 for fluorinated-hydrocarbon coatings [16] . The high vacuum chamber was maintained at a pressure of 20 mTorr and the base pressure was 2 × 10−6 Torr. A bias voltage of ∼50 V was applied to the substrate holder during coating. The hydrocarbon and fluorinated-hydrocarbon coatings were carried out on smooth Si (1 0 0) surfaces as well as on chemically etched 6 0 6 1 Al alloy surface. The micro-nanoroughness on the Al surfaces were created by chemically etching the Al surfaces using dilute hydrochloric acid (HCl). A detailed procedure aluminum etching by HCl is described in our previous work [15] . The surface chemical compositional analyses were performed by X-ray photoelectron spectroscopy (XPS) (VGESCALAB 220iXL). The XPS spectra were collected by using a Mg Kα (1253.6 eV) X-ray source. The morphological characterization was performed using an atomic force microscope (AFM) (Digital Nanoscope IIIa by Digital Instruments) and a LEO field emission scanning electron microscopy (FESEM). The wetting characteristics of the samples surfaces were carried out using a contact angle goniometer (Krüss GmbH, Germany). Fig. 4a and b) is comparably higher than that observed in case of hydrocarbon coating ( Fig. 3a and b) . A change in roughness, although minor, has also been encountered in the two coatings as the root mean square (rms) roughness of the hydrocarbon coating is ∼6 nm and that of fluorinated-hydrocarbon is ∼9 nm as evaluated using AFM analyses. However, the water contact angles (CA) measured on the two surfaces showed a considerable difference. The CA on the hydrocarbon coated surface was found to be ∼72° ( Fig. 3c) whereas the fluorinated-hydrocarbon coated surface showed a CA of ∼105° ( Fig. 4c) . The higher CA value in case of fluorinatedhydrocarbon coated surface is due to the presence of more number of low surface energy CF3, CF2, etc., components as evident from XPS analyses ( Fig. 2) . The atomic percentage of fluorine on the surface of the fluorinated-hydrocarbon coatings was found to be ∼36 at.%. The lower CA value in case of hydrocarbon coated surface is due to the absence of such low surface energy groups (CF3, CF2, etc.). Another study showed that fluorinated-hydrocarbon was deposited on NiTi alloy surfaces by plasma ion implantation methods using a combination of CH4, CF4 and Ar plasma for studying the corrosion protection of this alloy [21] . The surface roughnesses of the coatings were found to be the function of the flux of CF4 in the chamber and varied from 5 nm to 2.8 nm with the increase of the flux of CF4. The maximum fluorine incorporation was reported to be 3.92 wt.% which provided a water contact angle of around 95°. A study by Uedo et al. based on similar application of corrosion resistance coatings showed that CF4 plasma treatment has a high fluorine content (F/C:0.20) providing a surface with very low surface roughness of 0.075 nm and a water contact angle of 93°. [22] .
Results and discussion
A roughness of 0.7 nm has also been reported on the fluorinated-hydrocarbon coatings prepared using CF4 and C2H2 gases with the maximum fluorine of 39 at.% [23] .
However, our coatings using a mixture of Ar, and C2F6 gases showed a greater enhancement of water contact angle of 105° due to higher fluorine content (∼36 at.%) as well as a comparably higher roughness (∼9 nm) in our fluorinated-hydrocarbon coatings.
To understand the behavior of the water drops on a micro-nanorough surface, the The water drops on those surfaces were found to roll-off easily even with a slightest tilt of the surfaces as observed on our previously reported rf-sputtered Teflon coated etched aluminum surfaces [15] . This observation complements the fact that the higher CA values on the fluorinated-hydrocarbon coated micro-nanorough Al surfaces as compared to that coated with hydrocarbon is due to the presence of large number of low surface energy fluorinated carbon compounds on the fluorinated-hydrocarbon coatings. 
